Abstract. The adult demographic parameters, mobility, nectar choice and how the spatial distribution of males and females of Z. polyxena is affected by the distribution and abundance of host-plants, and adults of the opposite sex was studied in a population of this species inhabiting a dense network of permanent habitats (totalling 8.7 ha). The population size was estimated to be ca. 300 individuals. The average adult lifespan was 4.4 days and the maximum 23 (male) and 20 (female) days. The capture probability was higher for males than females due to the more conspicuous behaviour and bounded area of activity of males. A slow increase was followed by a slow decrease in the sex specific parabolic recruitment curve, indicating slight protandry and long emergence period, probably due to habitat heterogeneity. The spatial distribution of host plants (Aristolochia lutea) is the key factor determining the spatial distribution of adults. There was a strong positive correlation between male and female density at each patch, both of which were dependent on the cover of host plants growing in sunny conditions. In searching for A. lutea plants suitable for oviposition, females fly greater distances and move more frequently between patches than males. The size, shape and orientation of the male home range were influenced by the size, shape and orientation of stands of host-plants in sunny positions, but not by patch area. Such adult fidelity to stands of host-plants in sunny positions indicates that the spatial distributions of oviposition sites, matelocating sites and larval habitats of Z. polyxena overlap. The better statistical fit and much lower probabilities for long-distance movements generated by a negative exponential function than an inverse power function are probably due to the small size and high habitat connectivity of the site studied. Adults were opportunistic in their use of nectar plants. Traditional management is the key factor for maintaining permanent habitats for this species in a grassland biotope.
INTRODUCTION
The Southern Festoon, Zerynthia polyxena (Dennis & Schiffermüller, 1775) (Lepidoptera: Papilionidae), is listed in the Habitats Directive 92/43 EEC of the European Union. In the European Red List of Butterflies (Van Swaay et al., 2010) it is classified as of Least Concern (LC) because it has declined by less than 30% over the last 10 years. However, this Red List assessment should be taken as a conservative estimate of threat because a comparison of detailed monitoring data for some butterfly species has shown that population trends strongly underestimate extinction risks (Van Sway et al., 2011) .
Although Z. polyxena is legally protected there is little precise information on this butterfly's biology and population ecology. Since the different life stages of butterflies have different resource requirements, detailed ecological studies of each stage are needed in order to define a species' requirements in terms of the functional resourcebased concept (Dennis, 2003) . As the availability of resources for adults affects their behaviour (e.g., Turlure & Van Dyck, 2009; Ide, 2010) , spatial distribution (e.g., Loertscher et al., 1995; Krauss et al., 2005) , movements (e.g., Brommer & Fred, 1999; Schneider et al., 2003) and demographic parameters (e.g., Luoto et al., 2001; Auckland et al., 2004; Junker & Schmitt, 2010) , it is important to have a good knowledge of adult ecology when designing an appropriate management policy for the longterm survival of a target species. Since Z. polyxena utilizes the same plant species (Aristolochia spp.) for oviposition and as a host plant (e.g., Höttinger, 2003; Batáry et al., 2008; Puissauve, 2009) , it is expected that the oviposition and larval habitats will overlap spatially.
The role of feeding resources for adults of Z. polyxena is questionable as authors have different views. According to Habeler (1986) , Hesselbarth et al. (1995) and Puissauve (2009) , Z. polyxena is opportunistic in its use of nectar plants. In the Mediterranean region the adults also feed on animal dung (Habeler, 1986) . However, Baumann (1981) and Höttinger (2003) report that adults of this species do not feed on nectar in Austria, which is at northern limit of this species'distribution and as a consequence they assume that flower richness in or in the vicinity of larval habitats is not important for Z. polyxena in Austria (Höttinger, 2003) .
Z. polyxena inhabits a wide range of biotopes in Europe (Van Sway et al., 2006) , including ruderal habitats (e.g., Konvi ka, 2002; Höttinger, 2003) . At a landscape scale, its habitats can differ in terms of fragmentation (fragmented vs. continuous), configuration (linear vs. nonlinear) and stability (temporary vs. permanent). Variation in the spatial and temporal arrangement of habitats in a landscape could be reflected in different life-history traits, as has been shown for many butterfly species: (i) habitat fragmentation affects demographic parameters (Brück-man et al., 2011) , adult movements (Mennechez et al., 2003; Schtickzelle et al., 2006; Wang et al., 2011) , mate location behaviour (Merckx & Van Dyck, 2005) and genetic structure of populations ; (ii) linear elements of habitats within a landscape promote movements (Pryke & Samways, 2001; Nowicki et al., 2005) and those functioning as corridors also facilitate dispersal (Haddad, 1999) and increase gene flow between connected patches ; (iii) habitat stability has an effect on adult mobility (Scott, 1975; Bergman & Landin, 2002) and avoidance of parasitoids (Ohsaki & Sato, 1990) . It is also important from this point of view to have a knowledge of the ecology of adults of Z. polyxena in different types of landscape.
In this paper, I present the results of a one-season investigation of an adult population of Z. polyxena within a region in which the distribution of this species was continuous. The aim of the study was (1) to estimate the demographic parameters, movements and home ranges of adults in a dense network of predominantly permanent habitats, (2) to analyze how the spatial distribution of males and females is affected by the distribution and abundance of host-plants and adults of the opposite sex and (3) to identify the range of feeding resources used by adults.
MATERIAL AND METHODS

Study species
Z. polyxena is distributed from SE France through Italy and the southern part of Central Europe to the Balkans and Asia Minor (Tolman & Lewington, 1997) . The flight period lasts from March to late June, depending on location and weather conditions (Hesselbarth et al., 1995; Höttinger, 2003) . In Europe, Z. polyxena inhabits sparse deciduous woods, orchards, vineyards, scrub, wet and dry grassland, rocky steppes and ruderal habitats (e.g., Habeler, 1986; Konvi ka, 2002; Batáry et al., 2008; Puissauve, 2009 (Špiljar, 2007; Verovnik et al., 2009; elik, 2010a, b) . The females emerge with most of their eggs already mature (Baumann, 1981; Van Helsdingen et al., 1996) . They usually lay single or small batches of eggs on the undersides of leaves, rarely on other parts of the host plant (e.g., Beer, 1946; Batáry et al., 2008; Puissauve, 2009) . Z. polyxena hibernates as pupa on plant stems, twigs or the underside of stones (Tolman & Lewington, 1997) , rarely on the underside of leaves of the host plant (Höttinger, 2003) .
Study area
The study site is located in south-western Slovenia (45°38´N, 14°0´E, altitude 400 m), in the flysch Brkini region. It is in a bounded area situated in the flat bed of the Sušica stream valley which consists of a mosaic of traditionally maintained hay meadows, orchards and hedges. The study site is spread along a 1.2 km length of the valley, which extends 0.8 km and 1.6 km further towards the north and the south-east, respectively (Fig.  1) . It mainly comprises extensively used dry, semi-dry and mesophilous non-fertilized hay meadows, mostly surrounded by hedges on one side and forest slopes on the other. These meadows are managed by mowing once or twice a year with some parts on steeper slopes temporarily left uncut. The study site was subdivided into seven patches (total 8.7 ha), based on prominent landmarks (hedges, cart tracks) or changes in the structure of the vegetation (forest slopes). The southern part of patch no. 6 is a recently abandoned dry meadow.
Mark-release-recapture (MRR)
The MRR study was conducted from 11 April to 21 May 2009. Each day, weather permitting, all 7 patches were visited; the time spent within each patch was proportional to its size. On the last day of sampling, nine adults were still present but unsuitable weather prevented further sampling sessions. Butterflies were netted and marked with an individual number on the underside of the left fore-wing using a thin-pointed permanent pen and immediately released at the location of their capture. The following data was recorded before release: individual number, sex, GPS position of capture point (Garmin GPSmap 60CSx with precision of ± 3 m), date and hour.
Because the habitat was contiguous throughout the area, the MRR data from all 7 patches were pooled (separately for both sexes) for the analysis of demographic parameters. The constrained linear model (CLM) methodology (Lebreton et al., 1992; Schtickzelle et al., 2003) in the MARK v.5.1 program was used (Cooch & White, 2008; White, 2008) . The POPAN formulation incorporated in the MARK program allows the estimation of three primary parameters: survival probability ( ; combining mortality and emigration), capture probability (p) and probability of entering the population (i.e., proportional recruitment, pent; combining births and immigration). These parameters may be constant (•), dependent on sex (g), respond to time in a factorial (t), linear (tlin) or quadratic (tlin + tlin 2 ) manner, or display additive or interactive interactions. The parameters derived using the POPAN formulation are the daily number of births (Bi), daily population size (Ni) and total population size (Ntot). The best model was selected from a set of candidate models using Aikaike's Information Criterion corrected for small sample size (AICc) (Burnham & Anderson, 2002) in a two-step procedure as suggested by Schtickzelle et al. (2002) . First, 64 Cormack-Jolly-Seber (CJS) models defining the responses of and p to sex and time were derived. Secondly, the best CJS models were used to construct Jolly-Seber (JS) models incorporating eight basic structures (g, t, tlin, g + t, g + tlin, g x t, g x tlin, •) and 3 additional for pent (tlin + tlin 2 , g + tlin + tlin 2 , g x [tlin + tlin 2 ]). From the best supported JS models (i.e., models with AICc < 2) the best model for inference was chosen using the principle of parsimony.
The average daily survival is a weighted mean of the POPAN daily values, weights being the number of captures on a given day. Three sample occasions (date: 15 th April, 4 th and 7 th May) were excluded from this calculation because of the large confidence limits for the POPAN daily values. The average lifetime expectancy was calculated as -ln (average daily survival) -1 (Cook et al., 1967) .
A non-parametric Kolmogorov-Smirnov Z test was used to analyse the difference in observed lifetime between sexes. The 2 test for homogeneity was applied for testing the departure of the sex ratio of captures/recaptures from 1:1. Both tests were performed using SPSS 13.0 (SPSS Inc., 1989 .
Host and nectar plants
A. lutea is the only species of Aristolochia in the study area. The size of the stands of the host-plant ranged from 2 to 3610 m 2 (median: 250 m 2 , n = 21). They were distributed mainly in abandoned or extensively managed meadows, along hedges and occasionally at the edges of forest. The main axis of all large stands ( 100 m 2 , n = 14) was elongated mostly in the same direction as the main axis of the corresponding patch. Three categories of host-plant cover were used: "TOTAL A. lutea (m 2 )" is the sum of all host-plant stands in a patch, "SUNNY A. lutea (m 2 )" is the area of host plant stands growing in predominantly sunny positions during the whole flight period. This excludes stands or parts of stands that were only exposed to the sun at the beginning of the flight period (i.e., before the trees produced leaves in spring). "SUNNY A. lutea (%)" is the percentage of the patch size made up of stands of the host plant growing in sunny conditions.
During the flight period of Z. polyxena, forty-three flowering species of herbaceous plants were recorded in the study area. Their abundances were scored in four classes: rare, occasional, frequent and common. Of the 43 species 22 were rare, 9 occasional, 4 frequent (Globularia punctata Linnaeus, Lathyrus linifolius Bässler, Salvia pratensis Linnaeus, Viola rivininana Reichebach) and 8 common (Orchis morio Linnaeus, Potentilla alba Linnaeus, Pulmonaria officinalis Linnaeus, Taraxacum erythrospermum Besser, Veronica chamaedrys Linnaeus, Vicia cracca agg., Viola canina Linnaeus s. lat., Viola hirta Linnaeus) species. The following data were recorded for the nectar sources of adults: plant species, GPS location of nectar plant and the hour observed feeding. Observations on feeding were conducted between 9.30 and 18.00 CEST.
Spatial distribution of adults
The spatial distribution of adults was determined in two ways. First, the dependence of captures of adults on patch characteristics was analysed by constructing multiple regression models. Pearson's correlation coefficients between the following variables were calculated as a first step: (i) demographic parameters, such as the number and density of captures within a patch (separately for the two sexes), and (ii) patch characteristics such as patch size, TOTAL A. lutea (m 2 ), SUNNY A. lutea (m 2 ) and SUNNY A. lutea (%). All variables were log-transformed to approximate a normal distribution. The effect of patch characteristics and the demographic parameter of one sex on the demographic parameter of the opposite sex was then tested by hierarchical multiple regression. The variable showing the strongest correlation with the demographic parameter as a dependent variable was entered into the model first (blockwise entry) then all the other explanatory variables were entered in a second step using stepwise procedure. Since the density of males captures showed a significant and almost equally strong correlation with two variables, two models with the density of males captures as the dependent variable were constructed. Secondly, the dependence of number of captures on the distance to the nearest stand of the host-plant growing in sunny site was calculated separately for the two sexes. Captures at such sunny sites or at a distance less than 10 m from one were classified in the distance class "0". In total there were fourteen 10 meter distance classes. As there were very few captures at distances greater than 50 m the number of captures at distances between 50 and 140 m were pooled into one class (>50 m) for testing the dependence between sex and distance to the nearest sunny site with a stand of host-plants using the 2 test for association.
Mobility
The mobility of adults was estimated separately for the two sexes using three parameters: distance between consecutive captures (D), index of home range and home range (calculated only for males due to an insufficient number of females that were each captured at least 3 times).
The distance between consecutive captures was measured as a straight line connecting two consecutive points of capture. For all adults captured more than once, the distances were pooled in 50 m classes, separately for each sex. A negative-exponential function (NEF) and an inverse-power function (IPF) (Hill et al., 1996) were used to assess the probabilities of movements to distances beyond those covered by the MRR study. The probability (P) of an individual moving a certain distance (D) is:
The parameters a, k and n were estimated by regressing the natural logarithms of inverse cumulative proportions of individuals moving 50 m distance classes (lnP) on distances (in km) in NEF [i.e., ln(P) = ln(a) -k(D)], and on natural logarithms of distances (in km) in IPF [i.e., ln(P) = ln(a) -nln(D)]. The slopes (k, n) of the resulting fitted distributions were compared using t-tests in regression (UCLA ATS, 2007) .
The maximum distance between capture points of an individual (observed range length) was used as an index of home range.
The area, shape and orientation of the home ranges of males were estimated by the method of Mazurkiewicz, as explained by Randolph (1977) . Two categories of males were defined for further analysis: individuals observed only in one patch and individuals that moved between patches during their lifetime, herein referred to as Sedentary and Dispersive males, respectively. The shape of the home ranges was calculated as the ratio of the major to minor axis of the ellipse, which is the measure of departure from a round shape (i.e., elongation rate of the ellipse). The angles of orientation of the ellipses with respect to the x-axis of the map grid were grouped into 30° segments and the number of individuals in each segment counted. Three types of segments were used in further calculations: 0-30° , 31-60° and 61-90° . A non-parametric Mann-Whitney test was used to analyse the difference in the mobility of the sexes and different categories of males. The 2 test for independence was applied to test the association between sex and distances moved between patches. The 2 test for homogeneity was used for analysing the preferred orientation of home ranges. A non-parametric correlation coefficient, Kendall's , was chosen due to the small data set with tied ranks, to analyse the relationship between the home range size and patch area. For Dispersive males, all patches within their home range were included in the calculation of patch area. For Sedentary males, Kendall's was used to calculate the correlation between the home range size and area of host-plant stands in sunny sites within that patch. All statistical analyses were performed using SPSS 13.0 (SPSS Inc., 1989 .
RESULTS
Demographic parameters
In total, 162 individuals (males: 88, females: 74) were marked and 74 (46%) of them were recaptured ( The sex ratio of captures was male biased ( 2 = 24.08, d.f. = 1, P < 0.001), and males were recaptured more often than females ( 2 = 38.40, d.f. = 1, P < 0.001). Both candidate Jolly-Seber models (Table 2) indicated that survival varied between days with no particular pattern, that catchability differed between sexes and that the recruitment rate followed a sex specific parabola, with the probability of entering the population increasing at the beginning of the flight period and decreasing at the end.
Using the best model (Table 2) , the estimated parameters showed that (1) daily survival, which was not sex specific (Fig. 2a) , was on average (mean with 95% CI) 0.80 (0.75-0.85), corresponding to an average lifetime expectancy of 4.4 (3.4-6.0) days; (2) catchability (mean with 95% CI) of males was significantly higher (0.58, 0.46-0.68) than of females (0.21, 0.12-0.34); (3) peak of male emergence was 4 days earlier than that of females (Fig. 2b) ; (4) the survey period did not include the end of the female flight season (Fig. 2c) and females outnumbered males only on day 12 of the flight season and on day 27 both populations peaked, with an estimated population density of 5 males/ha and 10 females/ha; (5) total population density was 13 males/ha and 22 females/ha.
The observed lifetime was significantly longer for males (median: 2 days, 1st and 3rd quartiles: 1 and 8 days, max: 23 days) than for females (median, 1st and 3rd quartiles: all 1 day, max: 20 days) (Kolmogorov-Smirnov Z = 2.03, P < 0.01).
Nectar sources
On thirty-three occasions adults of both sexes were observed feeding on nectar from a total of 18 species of plants (Fig. 3) , which corresponds to 42% of all the flowering species of herbaceous plants in the study area. They included 7 (88%) common, 3 (75%) frequent, 3 (33%) occasional and 5 (23%) rare species. All the nectar plants occurred together with the host plants. Adults were observed feeding on nectar between 10.00 and 17.30 CEST with more than half (55%) of them before 12.00 CEST and 88% before 16.00 CEST.
Spatial distribution of host plants and adults
The areas of host plant stands in sunny positions varied from 250 to 4185 m 2 (Table 3) , corresponding to 2-58% of the total patch area. For both sexes, the strongest positive correlation was observed between the density of captures and percentage cover of host plants in sunny sites within a patch (Table 4) . There was also a strong positive relationship between the density of captures of males and females within a patch (Table 4 ).
The variation in the percentage cover of host plants in sunny sites accounted for 93% of variation in the density of female captures within a patch (Table 5 : Model 1). Inclusion of the area of a patch significantly (by 5%) improved the model with constant and percentage cover of host plants in sunny sites as the first predictor (Table 5: Model 2). The 66% variation in the density of male captures in a patch can be accounted for when the percentage cover of host plants in sunny sites within a patch is used as the first predictor (Table 5 : Model 1a). Because of the strong positive relationship between this explanatory variable and the density of female captures, the latter was not included in Model 1a as a predictor. When the density of female captures was used as the first predictor in the model, it accounted for 65% of the variation in the density of male captures within a patch (Table 5 : Model 1b). Other explanatory variables were excluded from both models.
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AICc -the difference in the value of the Akaike's Information Criterion, np -number of parameters, Ntot% ± SE -estimated population size of males, Ntot& ± SE -estimated population size of females, 95% CI% -95% confidence interval for estimated population size of males, 95% CI& -95% confidence interval for estimated population size of females. The spatial distribution of captures indicates that the majority of adults were recorded on host-plants growing in sunny conditions (Fig. 4) : 77% of the male captures and 63% of female captures were obtained on stands of host-plants in sunny positions and an additional 10% and 23% were recorded between 10 and 20 m from such stands. Only in the distance class 10-20 m were significantly more female captures than expected (i.e., an individual component of 2 = 4.49) but the association between sex and the minimum distance from host-plant stand in sunny position was not significant ( 2 = 10.27, d.f. = 5, P > 0.06).
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Mobility
Females moved between patches more frequently than males ( 2 = 5.62, d.f. = 1, P < 0.05). Most of the interpatch movements (males: 84%, females: 75%) were between adjacent patches. Females covered greater distances (median: 90 m) between consecutive captures than males (median: 45 m) (Mann-Whitney z = -3.87, P < 0.001). The index of home range was significantly higher for females (median: 106 m) than for males (median: 59 m) (Mann-Whitney z = -2.54, P < 0.05). The maximum observed range of both sexes (males: 400 m, females: 406 m) was estimated to be 30% of the maximum possible range (i.e., the distance between the furthest points in the study area, passing across habitat patches).
Fitting NEF to the mobility data resulted in the following equations, ln(P) = -0. Using the above equations, NEF predicted a lower probability of movement over distances greater than 0.3 km (Fig. 5) . The estimated probabilities of longdistance movements using NEF were 3.52 10 -6 (males) and 1.90 10 -4 (females) for 1 km, 1.10 10 -27 (males) and 1. 
DISCUSSION
Demography
The demographic pattern indicated by both candidate JS models, i.e. a higher male catchability, a protandrous recruitment and a hump-shaped pattern in daily population size, is similar to that recorded for other univoltine butterflies (e.g., Fric et al., 2010) . The factorial response of daily survival (and catchability indicated by the supported JS model) to time points to an effect of daily differences in weather (cf. Schtickzelle et al., 2002) . The most likely reason for the higher capture probability of males is the difference in activity of the sexes. Males are more conspicuous due to their mate-locating behaviour, which alternates between patrolling and perching (Van Helsdingen et al., 1996) . Estimated mobility also indicates that males are active within smaller areas than females and are strongly associated with suitable host-plant stands, and hence more detectable than females. The spatially limited lifetime activity of males also resulted in a longer observed average lifespan. The observed maximum lifetime of both sexes are supported by the observations of Špiljar (2007) and Beer (1946) .
Although sampling ceased before the last females ceased flying, the flight-period was 41 days, which is at least 21, 10 and 5 days longer than that reported in Hungary (Batáry et al., 2008 ), NE Slovenia (Špiljar, 2007 and France (Puissauve, 2009) , respectively. Since the start and length of the flight period may be influenced by weather conditions (Zimmermann et al., 2011a) , size of the population (chance effects) and habitat heterogeneity (Hanski & Gilpin, 1997 , and references therein) this may simply reflect the influence of one or more of these parameters.
The estimated population density of 35 individuals/ha was four times higher than that recorded in a small and isolated population in central Slovenia and is probably one of the highest for Z. polyxena in this country (Verovnik et al., 2009) . Together with other demographic characteristics of the population studied, this suggests that a dense network of permanent habitats contributes to a relatively high population density and, consequently, probably better population stability.
Spatial distribution and mobility
Results from regression models suggest that the spatial distribution of host plants (A. lutea) is the key factor determining the spatial distribution of adults of Z. polyxena. The adult population density in a patch is determined by the percentage cover of A. lutea growing in sunny positions within a patch. The distributions of males, females and host plants in sunny sites overlapped widely. The finding that females exceeded males in all the mobility parameters estimated, with a significant positive correlation between the number of female captures and the host-plant cover in sunny sites within a patch, can be explained by (i) a bet-hedging strategy of ovipositing females (cf. Janz et al., 2005) , i.e. spreading their eggs over a large area, and/or (ii) an active search by receptive females for mates, if they actively solicit mating (cf. Hesselbarth et al., 1995) . The lower values of practically all the mobility indices for males indicate that, on average, males spent a large part of their life in a single small area. The size, shape and orientation of male home ranges are largely determined by the size, shape and orientation of host-plant stands in sunny positions. This enables males to keep a large area of host plants under surveillance and, consequently, to maximize encounters with receptive females.
According to some authors (e.g., Weidemann, 1995; Dapporto, 2010) , Z. polyxena is a sedentary species. In contrast, Höttinger (2003) assumes that these butterflies are more mobile, i.e., capable of dispersal over distances of more than 10 km, especially along linear landscape elements. Such mobility enables them to follow changes in the distribution of host plants colonizing ephemeral habitats. However, recent studies on butterflies reveal that long distance dispersal occurs even in species once considered sedentary (Zimmermann et al., 2011b) and that MRR-derived dispersal estimates are highly variable at the species level (Stevens et al., 2010) , suggesting that within-species variability may be enhanced by variation in weather conditions and/or landscape connectivity (cf. Schtickzelle et al., 2006) . In our study, the marking within a bounded area limited chances of detecting possible long-distance flights. Despite the size of the study area influencing the MRR-observed distances moved (Schneider, 2003) and, consequently, estimated dispersal probabilities (Kuras et al., 2003) , the observed mobility parameters recorded for Z. polyxena suggest that within a dense network of habitats, this species is not very mobile. Namely, the maximum observed range length of both sexes covered only 30% of the distance between the furthest points in the study area. However, the probability of long-distance movements predicted by the IPF indicates that this species is more mobile: based on the estimated population sizes of both sexes, approximately 4 female per generation should disperse up to 10 km, while the longest possible male movement was estimated to be 3 km. Considering the prediction of the equation for the better-fitting NEF, though, dispersal up to 10 km would be highly unlikely (males: 2×10 -52 , females: 3×10 -36 ); the longest predicted possible flights per generation were 0.4 km (males) and 0.7 km (females). According to the distribution data ( elik, 2004; Verovnik et al., 2009) , Z. polyxena occurs throughout the Sušica valley and then from its northern end, where the valley broadens into an open landscape, several kilometres further towards the north-west and south-east (cf. Fig. 1 ). Considering the size of the population studied and that the distribution area is large and contiguous, it is likely that the population structure of this species within this area has the form of an interconnected system. As long-distance movements in butterflies might be of a different nature than withinsite movements (Baguette, 2003; Kuras et al., 2003) , the most likely reason for the discrepancy between the predictions of long-distance movements of Z. polyxena generated by NEF and IPF, and between both functions in statistical fits, is the small size of the area studied and high habitat connectivity within it (cf. Schneider, 2003) .
Since many studies of different animal species have shown clear evidence of plasticity in dispersal distances of a species (Wiens, 2001) , it is possible that the dispersal ability of Z. polyxena is different in different types of landscapes. The effect of landscape configuration on the dispersal distances of butterflies is well established (Fric et al., 2010) and is also reported for beetles depending on ephemeral resources (Roslin, 2000) . Considering these findings and the fact that the NEF and IPF equations are based on movements recorded within a bounded area without effective barriers, long-distance movements of Z. polyxena in other types of landscape are quite likely. The effects of landscape fragmentation, configuration and patch age on movement distance (cf. Hanski et al., 2002; Ovaskinen et al., 2008) of this species await further research.
Range of nectar sources
Records on nectar sources of adults obtained in this study and those of earlier authors (Habeler, 1986; Hesselbarth et al., 1995; Puissauve, 2009) , suggest that Z. polyxena is an opportunist feeder. The lack of nectar records from the northern border of this species distribution (Höttinger, 2003) 
Conclusions and conservation implications
Z. polyxena is a monophagous species linked to a single plant genus (Aristolochia sp.), which is the important factor determining the species' geographical distribution and spatial population structure. Since Aristolochia plants are fairly patchily distributed, this butterfly displays a colonial distribution (Dapporto, 2010) , often limited to sites covering only a few square metres in which the host plant occur (Konvi ka, 2002; elik, 2010a, b) . In such a situation, a metapopulation dynamics is expectable.
Host plants growing in sunny sites are essential for Z. polyxena. The spatial distribution of host-plant stands in sunny positions is the main factor determining the spatial distribution of adults, resulting in a high degree of overlap between adult and larval habitats. Since the species is also capable of inhabiting sites where host plants cover only a few square metres, the maintenance and even promotion of host-plant stands in ephemeral habitats (e.g., river embankments, railway ridges, roadsides, track ridges, abandoned arable fields) could contribute to species persistence in a fragmented landscape. These host plant stands could act as stepping-stones or as corridors between patches if corridors are limited to linear landscape elements, which are supposed to facilitate the dispersion of adults (cf. Höttinger, 2003) .
The mainly continuous distribution of Z. polyxena in the study area demonstrates that traditional management, without applying fertilizer and mowing only once or twice a year, is a key factor in maintaining a more or less permanent habitat for this species in a landscape in which host plants are distributed mainly in meadows and along surrounding hedges. In addition, general threats such as the application of pesticides in nearby farmland, early spring fires, afforestation, urbanization and spread of invasive plant species, should be taken into account (Van Helsdingen, 1996; Konvi ka, 2002; Höttinger, 2003; elik, 2010a, b) . This study basically demonstrates that the preservation of suitable larval host plants is essential for Z. polyxena. The main conservation focus should be directed at the identification and conservation of such host plants in a suitable spatial arrangement. Data on mobility indicate that this might be different in different biotopes and/or structured landscapes. 
